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_ SU-955369 High-power generator stator reliability is improved with the 
slotted laminations core and with the cooled h.v. windings in 
insulation sleeves. The surface of each slot is formed by several 
cylinders radially located and joined by channels for the winding 
cables, while insulation discs with longitudinal channels are set 
between the sleeves and channel walls. 

- The sleeves (3) are held in the contoured slots (2) by the insulation 
discs (9) exhibiting holes (10) for the flow of the coolant and 
secured by nuts (11) . The cylindrical part of the slots matches the 
shape of cables (1) forming the stator winding which are fixed in the 
sleeves by poured-in compound (6). The design ensures max. usage of 
space for the copper while the slots (2) are joined by cut-outs (8) 
controlling the leakage reactance of the stator. Bui . 32/30 . 8 . 82 (4pp 
Dwg . No . 2 / 4 ) 
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NtauitiHOCTpoeiicto , n I'lO/u e kowkpot- 
i!o K KOHcxpyKUMJi cva lopa f/jomuoro 
reHeparopa . 

ll3BeCTHtJ KOHCTpyiUUni CTelTOpa 

3/icKTp(mecKon MaLirui-j, u icoropux 
cxepjKHu oi'o oGmoxi-':; •^^aKpciuioiiw r. n\- 
KphiTOM naoy c noN:o»;»i-:o icMHia fl1 . 

MonocxaxKaMM xqkoP. :voncxpyKuuM nii- 
/tHKixcH cpaDHHxcJibHo Hu^KaH iianeH;- 
Hocxb jaK pcri/ienitn MocicojihKMx cropw;- 
uQf\ non o^HH naaonun kjivih it jicno/it.- 
ro 6o/ibuiatt xpyxioeMKOCTb KpcriJicmin 
cxepjKHeR npii noMotiui rHaOnBKH M-io^yeirx- 

Ba KOpOXKHX KJlUMbeU. 

HaitOo/iee C/iit3KOP k rij.-cji/inracMon 
no xexuH'^ocKoO cyuiHocxn nn/i/ioxcn 
KOHcxpyKLUia cxaxopa ronepaTopa, u ko- 
xopon MMCiorcH oxKpNXue nanij, r/ie 
non KiiiiH yjionceitrj *iexijpo KaGojia u xck- 
cxo/iHxoDwn cT«i(aii, (t'OpMiipytoui'in Mac- 
iiAHun 6aK xutn x/iaj;a roiixa . Ka5eiin 
uacxumto paDMcnicHii o rit;ib:*Ax h3 ii30- 
iiHUttOHiioro NtaxcpHOLoa, npiiMCM mokav 

rU/IbOaMH M kaOC/IHMH paCllO/lOJKOH!^ 

Ka^ia/ibj, o6pa3or;aMi(iio ito/iiiwMH Bucxy- 
naMtt, paaMeineHitijMii iia p»iy rpcii iion no- 

OCPXHOCXM rii/lb3H [2j . 

llejiocxaxicaMii n:-iFCCiiion Koiicxpyif- 

tlMM MIWIHKIXCM Cl »a P H M TO;! i • 1 1 U ll'IOXOC 



to 



aanojiMOMite nasa mg/iljo, xaK KaK d npH- 
Moyro;»biiOM nany pa3MeuieHu Kpyr/uje 
npcno;tiuiKi! , n n'o;iocxaxo*(HO Hajxe;icHoe 
Kpcwjioimrr uoxupcx- KaOe/ien noxi onviii ' 
iiaaoG-jf! i:>imi . 

Ut>'ni. ii'joOpcxeiiua - noDhiuiciuce 
H.i;;o.r iiocxH cxaxopa reiieparopa npH 
ynpo;:ienni( cGopKH. 



yica3aMiian ue/ib jiocxitraexcH TeM> 
•ixo n cxaxope, coiiepxaiueM uiKxxoDaHHbifl 
copjxewiifiK c nasaMH it ox/iajraaeMyio 

OOMOXKy 113 SUCOKODO/lbXHbJX 3 aK/lK)»ieHHUX 

B naoiiHUMOHiiue rii/ib3bi KaOe/ien, pac- 

^5 no/i07KCHiiHx o Ka^noM naay b pa;iiia/ib- 
HuR pnjXi nooepxHocxb Ka^KXioro nasa 
obinoJinciia n on/ie paAitajibHoro pH/ia uk- 
/iitiiApHuccKiix noaepxHocxen , oOpaayio- 
nnx cooO:iia»om;iccK wepca panita-nbHue 

20 iipopc3u Kaiia/iN, d koxophx pacnonoxe- 
ynOMHiiyxiJC Ka6e/in, ii o 3a3ope nex- 
ny i'ii/ib3aMii H cxeHuaMii Kana/ioD BAO/ib 
ccpAeuiiiiica ycxaiiou/ienii H30-nHUM0HMue 
ui.inotj c iipoAonbtfUMti Kaiia/iaMM, a c Top- 

25 uoD ccpjiCMuiiKa k nmbsaM npHXpeoncHH 
pcauGoniJO Bxy/iKH, Ha xoxopux pac- 
no/iovKeioJ ranxH, h mcxjiv xopuaMH cep- 
^eMMMKa II raaKaMH Vacno.MO»ceHbi uiaR- 
Obi, no MeMbtiicn Mepc onua h3 kOTopux 

30 iiMCcx pcOpa wocxicocxu, oOpasyKxane ^ 
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(ipo/ionMiiihtti u.iii^fiaMit . 

Uii/iitit/iptiMCCKMO n<)nopxiiorTn na- 
MoryT Oijti» t<ik»o pnciionoif cmiij 3Mr- 
30 roofipan Ko u coeiiuiicHw npopoiHMM, 
pncnonoJKOHiiiJMM no r3tiroo6pa:*Hon 

/IHIIMM . 

Ha (J)ur.l If 3oCSr>aitcHij ;iDa cocejiHMX 
paiiMOJibH»Jx pnna Oacoiinux naooB cep- 
xioMUMxa CTQTOpa roiiepaxopa; iia (t)Hr.2- 
ccpJieMHMK CTaTopn c oOMOTKafiH; Ha 
(J)itr. 3 - ce'ioHne A-A iia 't)Mr.2; Ha 
<t>Mr.4 - DTopo« papiuiMT BiatiojineHHW 
it^acoHHHX na3on, pacno/io>KCiinux pajiH- 
anbHO-3Hr3arooOpa3Ho , Kpenneniie 
KaOe/ien b 3Tom .c/iyuae -raKOC , 
' noKaaano Ha 4>»r.3. 

.IpM pacno/io«eHiiu ijiacoHHux naaoB 
paxi»!*a/ibKO-3iir3a roofipa-jHO ii/iii n uiax- 
MaTHOM nopnAKe, kok noKaaaiio na 
4)Mr.4, BtJCOTa 3y6uoBon sontj npaxTH- 
MBCKM ocTaercH HeH3MeHHon no cpas- 
H<»»iHW c oOumiofi , nanpiiMep, npHeeA^H- 
1 B KaUecTBo npoTOTnna. 
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KOHCTpyKUUH COnOpxCHT KaGGHH 1, 

pashteuicnubie d uujuiimpimccKon MacTH 
4)acoHHHX na30D 2 cxaropa renepaxopa 
B ii30/iflUnomiLJx rM/ibsax 3 c no/iuMVi 
BUcrynaMH 4, pacno/ionceHiiUMU ua 
BHyTpenHen nosepxiiocTM rii/ii»3H 3 , 
B Bhicrynax HMetoTCH Kana/iu 5 juih npo 
nycxa x/iaxiareiixa , a npocrpaiiCTBO 
MCJfCjay DiJCTynaMii 4 t|)HKcau»ii xaOe- 

jicn 1 n nt/ibsax 3 3a-nnTo TCpMOpeaxTMB-' 
HWM KOMnayHJiOM 6. Co cropoHU Boaayiu- 
Horo 3a3opa k axTHBHon cxa/iH npu- 35 
hOJKaeT ijHB/ieKTpMuecKitn mmiiHAp 7. 
ttacoHiiuG na3tj 2 Buno/iHCMhj d BHXie pK- 
jxa uH/iiiHXipH^iecKMX noBepxHocTen , coe- 
jxdHeHHbix Memjuy co6oR pajiuajibwuMn npo- 
pe3RMn 8 H o6pa3y»oiuHX KaHa/iu juin 40 
nponycKa xnoaareuTa. rnnbsa 3 <t)HKCH- 
r '^oana b na3y npu nOMOiiOi HSonnuHOii- 
: iuaf\6 9, CHa6;KCHHbix OTBepCTiiHMii 
xiJ\H riponycxa x/iajia reuTa , h aaxpon- 
/leHa ranxaMM 11, onitpaiouuiMitCH na 
ujanObi 12, npH^ieM luanObi, npn/ierara- 
tune HenocpCACTDGHHo K raftxe 11, cnaO- 
xcHHU pc6pahu( xecTKOCTH oGpaso- 

iHH KaHanoB, rto KOTopuM nponyc- 
KciexCrt x/iajiarcHT. ranxH 11 Hasep- 
HyxiJ Ha Dxy/iKH 13, Haxiieeuitue na 
xopuhi rH/ib3bt 3. Kpyr/ian 4)opm6 uh- 
/iMUiipH»iecKon MacxH (pHi'ypiioro naaa 2 
c npopoanMK 8 HaH6o/ieo cooxsexcxsy- 
ex C»opMe Ka6eJiH oOmoxkh cxaxopa , 
cosAasan xopoiuee aanonncHHc nasa 
MeAbfo u yoenHMMBaH 3aHHxyio cxajihio 
rvnomaxib, x.e, MarHuxnun iioxok 
MaujHHw. HiinHMHe npopeaon 8 no3BOiiH- 
cx no JKe/ianttio xoHcxpyxxopoB d ao- 
BO/ibHo uiiipoKHX npcAe/iax ynpaB/inxb 
peaKXHBHHM conpoxito/ieHHeM paccen- 
HMfl oOmoxkm cxaxopa. KponneuHe xaOc- 
nn B naoy 2 c noMombto saxnwKM rn/ib- 
3bi 3 ranxaMH 11 ho xpoOynx KaKort- 
/]u6o DaOMOKu K/iHHben, xaic ii cnyyae 



T|'ianviuiioiiiit>ro Kp^.-nJiciiit k . KpciMc xoro, 
K.ir'i^Mib u nany iiDoOtue no KacaoxcH 
Hcnocp».';t':xBCiiHo o.ro cxenoK, mxo npo- 
jioxpaHJit?x ero noncpxaocxb ox mcVh- 
pauna npu BMOpaunnx n xom caN*4M niia- 
5 MHxe/ii.Ho noBHiaacx naiieiKHocxb pa6o- 

Xli 3/lCKXpH'teCKOfl MauiHMN. 

XnanareHx juiw ox/ia»jieHHH axxuB- 
HOR cxaJiH M o6mox:ch, ocoOghho b buco- 
KonoJibXHoR MaujHHe, noAaexcH c/ienyiouiMM 
10 o0pa3OM. H3 ftaxa BbtcoKoro Aaa/ieuHH, 
pacnoiiojKOHiioro c oAHoro H3 xopuoB 
MauiHiiru Chg noKa3aH), xAajiareHX ^e- 
pe3 uana/iw 14, oOpasooaHHbie pe6pa- 
MM /KccxKOCXH tuaflOhi 12, Hpoxexaex 
B xaKa/iu IS, o0pa3OBaHHbi2 noaepx- 

HOCXbK) UM/:HHAPHHeCKOR MacxH na30B 2 

II ii30AnuH0HHiJMH rMAb3aMM 3 no BceR 
HX jvniiHe, B 6aK HHSKoro n^BnauHfi , 
pacno/io^KeHHuR na ApyroM xopue MaiiiM- 
Mhj . JLna nponycxa x/ianarenxa no nana- 
AaM 15 u uianeax 9 hmcioxch oxoepcxMR 
10. BaKJi PbicoKoro M HHSKoro AaBJie- 

^HMH OXBaXHBcUOX KOp3HHbJ AOGOBbiX UaC" 

xeR Maumnu (He no*Ka3aHbi) m repMexHU- 

HO COGAHHeilbl C AH3AeKXpHHeCKHM UH" 

A'.iMApoM 7 it c KopnycoM cxaxopa Ma- 

llIHHbJ. 

tiinxxouanHaM noDcpxHocxb uvt/inMApn- 
MccKOfi Macxu (I'HrypHoro naaa 2 npeA- 
iiapHXO/ibHO BhipaBtutoaexcH c nONrombio 
cnemia/ibHoro uHAHHApuwecKoro uaOno- 
na, npvi nOMOiuw xoxoporo Mejfuiy hhm ii 

UlHXXODaHHOR CXa/lbH) UHJlllHApHHeCKOR 

sacxi! na3a aa/iHnaexcfi cneuHonbHwR 
KOMoayHA. rAcUiKaH noncpxHocxb nasa 
3HaMHxenbHO oCAcr^iaex npcAnapuxeAb- 
HijR MOUxa;« rMAb3bi. 

3KOHOMHWeCKHR 3<t)(t»eKX OX HPHMC- 

hch;'.h npeAJiaraeMOR KOHcxpyxuHH b oc- 
iionnoM AOcxuraexcH 3a cwex skohommh 
3neKxpo3HeprHH ox yAJiMHeHnn MeKpeMOHX- 
H!jx ncpnoAOB, MXO o6yc/ioDAeHO ox- 

CyXCXUHCM HGOOXOAHMOCXH nepCKAHHOBKH 

ooMOTKH cxaxopa, uxo npHxoAHxcH Ae- 
/laxb AODO/ibHO Macxo Ha KasecxHux 



45 Maiutniax. 

<t>opMyAa M306pcxeHHn 
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1, Cxaxop aneKXpuuecKon MauiHHH, 

COAepJKaiUllR UIHXXOBaHUtiR CepACMHHK c 

na3ar-iH m oxAajnAaeMyK) oOMOxxy h3 buco- 

KODO/lbXHblX saX/lJOMeHHUX B M30AnUM0H- 

nrjc rnAb3u xaOe/ieR , pacnono^cHHbix b 
Ka^KAOM na3y b paAHanbHuR pHA, o x a h 
M a lo tu H R c H xeM, MXO, c uenbio 
noBt^fliieHHH HaAe)KHOcxH npH ynpouieHHH 
cGopKM, nonepXHOCXb KawAoro nasa 
BunoAHGHa P BMAe paAiiaAbHoro pHAa 
UHAuHAPHMecKHx noBepxHocxeft , o6pa- 
3yK>uutx cooGiuawDiMecH nepe3 paAwanb- 
Hue iipope3M KananH, b koxopux pacno- 
AowcHVJ ynoMHHyxue Ka6eAM, h b 3a3ope 
Me»Ay rM/ib3aMvi h cxeHKa^tH xaHa/ioB 
uAOAb cepAeHHHKa ycxaH9BncHw M3o/iHaif 
OMHHie luaRCuj c npoAOiibHUMH Kana/iaMH, 
65 a c xopuoB cepAeMHHxa k rn/ibnaM npM- 
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Kpen/ieKU peahQoDtje ery/iKM, wa koto— 
pbix pacnonoxeHw rafiKH, m M€x/iy xop- 
uaMH cepiie«cHHKa» H raRKaMit pacnono- 
xeHU luaAOu, no MeHbiuefl Mope oAHa m3 
KOTOpux KMoer peOpa mecxKOCTM, o6-' 
paayxxitMe pajiHaJibHue naHa/ru^ cooOmaw- 
mHecn c npoflonbHUMH KaHanaNoi. 

2. CxaTQp aneKTpHsecKOft ManiHHU 
no n.l, oT/iM»iaK)caHftca 



'TCM, STO, UH/IHHilpKWeCKHe nOBCpXHOCTH 

naoa pacnonomeHbi sHraarooOpasHO . 

ItCTOHHHKH HHi^OpMaUHH , 

npiiHHTbic ao BHHMaHMe ripH 3KcnepTH3e 

1. Tmtob B.B. h np. TypOoreHopa- 
Topu. Packer h' KOHcrpyKUHR . 1967, 
C.119. 

2. ABTopcKoe CBHjxexejibCTBO CCCP 
no aaHBKC H 2843451/24-07, 

K/i. H 02 K 3/24, 1979. 
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fixed by nuts 11 carried by washers 12; the washers directly adjoining nuts 11 have 
stiffening ribs to build channels for the flow of the coolant. Nuts 1 1 are screwed on 
bushes 13 which are glued on the ends of sleeve 3. The round form of the cylindrical 
part of contoured slots 2 with cut-outs 8 matches the shape of the stator winding cable 
ensuring maximum usage of space for copper and increasing the area occupied by 
steel, i.e. increasing the magnetic flux of the machine. Cut-outs 8 allow to control 
within a rather large range the leakage reactance of the stator winding. The securing of 
the cables in slots 2 by nuts 1 1, which tighten sleeves 3, does not require any driving 
of wedges, as in the case of traditional securing methods. Moreover, the cable in the 
slot does not directly touch its walls, which prevents the cable surface from worning 
out as a result of rubbing during vibrations and, thus, increases the electrical machine 
operation reliability. 

The coolant for cooling active steel and winding, which is especially important 
in a high voltage machine is supplied as follows. From a high pressure tank arranged 
at one of the machine's ends (not shown), the coolant flows through channels 14 built 
by the stiffening ribs of washers 12 into channels 15 built by the surface of the 
cylindrical part of slots 2 and insulation sleeves 3 along their complete length, and 
into the low pressure tank arranged at the other end of the machine. Insulation discs 9 
have holes 10 to let the flow of the coolant along channels 15. High- and low pressure 
tanks cover the baskets of the machine front parts (not shown) and are hermatically 
connected with dielectrical cylinder 7 and the stator body of the machine. 

The laminated surface of the cylindrical part of contoured slots 2 is 
preliminarily smoothed out with a cylindrical template, and a compound is poured in 
between the template and the laminated steel. The smooth slot surface sufficiently 
facilitates the preliminary sleeve assembling. 

The efficiency of the proposed design is achieved primarily by saving 
electrical energy as a result of longer between-the-maintenance periods due to the fact 
that the wedging of the stator winding does not need to be renewed, which is 
normally done often in case of traditional machine designs. 

Patent claims 

1. Electrical machine stator containing a slotted laminated core and a cooled 
winding of high voltage cables enclosed in insulation sleeves with the cables forming 
a radial row in the slots, is characterised by the fact that in order to increase 
reliability while facilitating the assembling, the surface of every slot is a radial row of 
cylindrical surfaces building the cable channels communicating via radial cut-outs, 
and in the gap between the sleeves and the channel walls along the core the insulation 
discs with longitudinal channels are placed, and on the core ends the sleeves are 
adjoined to the thread bushes which carry the nuts, and between the core ends and the 
nuts there are washers at least one of which has stiffening ribs building the radial 
channels communicating with the longitudinal; channels. 

2. Electrical machine stator characterised by having cylindrical surfaces in 
zigzag layout. 

Information sources taken into account in patent research: 

1. Titov V.V. and Co. Designing of turbine generators. 1967, p.l 19 
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Electrical machine stator 

The invention refers to designing high power generator stators. 
The traditional design is an electrical machine stator, where winding bars are fixed in 
an open slot by a wedge [1]. 

The drawbacks of this design are relatively low reliability of fixing several 
bars under one slot wedge and rather high labour content due to the necessity of 
driving in many short wedges. 

The closest technical solution in the state of the art is a generator stator design 
having open slots, where four cables and a laminate container serving as an oil tank 
for a coolant are laid under a wedge. The cables are partly placed in insulation 
sleeves with channels between the sleeves and the cables, the channels being formed 
by hollow bulges situated on the inner sleeve surface [2]. 

The drawbacks of the existing design are insufficient filling of a slot with 
copper due to round conductors being placed in a rectangular slot, and low reliability 
of fixing four cables under one slot wedge. 

The purpose of the invention is to increase the generator stator reliability while 
facilitating the assembling process. 

The purpose is achieved as follows: in a stator design containing a laminated 
core with slots and a cooled high voltage cable winding with cables within insulation 
sleeves arranged in a radial row in every slot, the surface of every slot is made as a 
radial row of cylindrical surfaces forming channels connected via radial cut-outs 
where the above mentioned cables are laid; insulating washers with longitudinal 
channels are installed within a gap between the sleeves and the walls of the channels 
along the core; thread bushes which carry nuts are attatched to the sleeves from the 
core ends, and between the core ends and the nuts there are washers, at least one of 
which has stiffening ribs forming radial channels connected to the longitudinal 
channels. 

The slot cylindrical surfaces can also be arranged in zigzag and connected by 
cut-outs lying on a zigzag line. 

Fig. 1 shows two adjacent radial rows of contoured slots of the generator stator core; 
fig.2 shows the stator core with windings; fig.3 shows the A-A cut of fig.2; fig.4 is the 
variant of arranging the contoured slots zigzag-radially. The cables in this case are 
fixed in the same way as shown in fig.3. 

When the contoured slots are arranged zigzag-radially or in chess order, as 
shown in fig.4, the height of the tooth zone is practically the same as usual, for 
instance, the one taken as a prototype. 

The design contains cables 1 arranged in the cylindrical part of contoured 
slots 2 within insulation sleeves 3 with hollow bulges 4 on the inner surface of sleeves 
3; the buldges have channels 5 for the flow of the coolant, and the space between 
buldges 4 for fixing cables 1 in sleeves 3 is filled by thermoreactive compound 6, 
From the air gap side, active steel is adjoined by dielectric cylinder 7. Contoured slots 
2 are arranged as a row of cylindrical surfaces connected with one another by radial 
cut-outs 8 and building channels for the flow of the coolant. Sleeves 3 are held in the 
slots by insulation disks 9 having holes 10 used for the flow of the coolant and are 



2. USSR Patent on the application #2843451/2407, kl.H 02 K 3/24, 1979. 



